We have investigated the strength of ultraviolet Fe II emission from quasars within the environments of Large Quasar Groups (LQGs) in comparison with quasars elsewhere, for 1.1 z LQG 1.7, using the DR7QSO catalogue of the Sloan Digital Sky Survey. We use the Weymann et al. W 2400 equivalent width, defined between the rest-frame continuum-windows 2240-2255 and 2665-2695Å, as the measure of the UV Fe II emission. We find a significant shift of the W 2400 distribution to higher values for quasars within LQGs, predominantly for those LQGs with 1.1 z LQG 1.5. There is a tentative indication that the shift to higher values increases with the quasar i magnitude. We find evidence that within LQGs the ultrastrong emitters with W 2400 45Å (more precisely, ultrastrong-plus with W 2400 44Å) have preferred nearest-neighbour separations of ∼ 30-50 Mpc to the adjacent quasar of any W 2400 strength. No such effect is seen for the ultrastrong emitters that are not in LQGs. The possibilities for increasing the strength of the Fe II emission appear to be iron abundance, Ly-α fluorescence, and microturbulence, and probably all of these operate. The dense environment of the LQGs may have led to an increased rate of star formation and an enhanced abundance of iron in the nuclei of galaxies. Similarly the dense environment may have led to more active blackholes and increased Ly-α fluorescence. The preferred nearest-neighbour separation for the stronger emitters would appear to suggest a dynamical component, such as microturbulence. In one particular LQG, the Huge-LQG (the largest structure known in the early universe), six of the seven strongest emitters very obviously form three pairings within the total of 73 members.
INTRODUCTION
From deep MMT / Hectospec spectroscopy to g magnitude ∼ 21, Harris et al. (2012) and Harris (2011) have serendipitously discovered a relative strengthening of ultraviolet Fe II emission for quasars (1.1 z 1.7) in a 2 deg 2 "pencil-beam" field that intersects two Large Quasar Groups (LQGs), U1.11 and U1.28 , and a "doubtful LQG", U1.54. That work suggests that strong / ultrastrong UV Fe II emitters appear to be more strongly represented in dense quasar environments, and that (Clowes & Harris, unpublished visualisation) they appear to clump ⋆ E-mail: rgclowes@uclan.ac.uk with other quasars or with themselves. Such effects, if confirmed, would be important for our understanding of the origin of the problematic UV Fe II emission, the influence on it of large-and small-scale environments, and of the evolution of cosmological structures. In this paper, using SDSS (Sloan Digital Sky Survey) spectroscopy, we test whether the above effects are observed when a large sample of LQGs is considered. The pencil-beam study has deep spectroscopy but, of course, narrow-angle coverage. Here, with less-deep SDSS spectroscopy, we can consider all of these LQGs in their entirety. We first discuss the statistical properties of the UV Fe II for LQGs in general. We then focus further on these three LQGs U1.11, U1.28, U1.54 together with the "Huge-LQG", U1.27, of Clowes et al. (2013) .
Large Quasar Groups are the largest structures seen in the early universe, with sizes ∼ 70-500 Mpc and memberships of ∼ 5-70 quasars. See Clowes et al. (2012) and Clowes et al. (2013) , and earlier references given there, for more details on LQGs. The "doubtful LQG" U1.54 is a candidate LQG that failed the test of significance described in Clowes et al. (2012) , but which had been identified once before as a candidate LQG in an independent survey (Newman et al. 1998; Newman 1999) . Sometimes, though, for simplicity we shall refer to this doubtful LQG just as an LQG. Partly, we retain some interest in U1.54 because it and U1.11 and U1.28 are all aligned along the line of sight. The Huge-LQG (U1.27, Clowes et al. 2013 ) is the largest structure currently known in the early universe. U1.28, also known as the Clowes & Campusano LQG, (CCLQG, Clowes & Campusano 1991; Clowes et al. 2012) was previously the largest. (In this labelling of the LQGs, "U" refers to a connected unit, and the appended number gives the mean redshift of its members.)
Iron (Fe) in the optical and ultraviolet regions of quasar and AGN spectra is very common, but its occurrence in the UV at the "ultrastrong" level is rare. A good example of an ultrastrong, UV Fe II emitting quasar is that of Graham, Clowes & Campusano (1996) , quasar 2226−3905. The total number of such ultrastrong quasars known used to be very small, but it has now increased because of the Sloan Digital Sky Survey (SDSS) -for example, Meusinger et al. (2012) , and our own work. The fractional rate of occurrence remains small, however: we estimate that for redshifts in the range 1.0-1.8, only ∼ 6.6 per cent of all quasars are ultrastrong emitters. (Incidentally, we classify 88 per cent of the high-grade optical and/or UV Fe II emitters with i 19.1 and 1.0 z 1.8 from Meusinger et al. (2012) as strong or ultrastrong UV emitters, and conversely we find a substantially larger total.) Following Weymann et al. (1991) , we use the rest-frame "W 2400" equivalent width, defined between two continuumwindows 2240-2255 and 2665-2695Å as the index of UV Fe II emission. Based on the median W 2400 ∼ 30Å for all quasars (non-BAL and BAL) from Table 2 of Weymann et al. (1991) we define (Harris et al. 2012; Harris 2011) , as an illustrative guide, "strong emitters" as those with 30 W 2400 < 45Å and "ultrastrong" as those with W 2400 45Å. Note, however (see further discussion below) that the sample of W 2400 values from Weymann et al. (1991) seems to have substantially different properties from ours.
The cause of ultrastrong, UV Fe II emission has not been successfully attributed to any one mechanism, and probably the reality is that several mechanisms contribute, particularly iron abundance, Ly-α fluorescence, and microturbulence. Harris (2011) gives a short but detailed review of the current state of understanding. A very brief summary follows.
The Fe II is often attributed to the broad line region (BLR), but there is evidence that it might instead arise from an intermediate line region (ILR) , between the outer BLR and the inner torus (e.g. Graham et al. 1996; Zhang 2011) . In the early days of trying to understand the Fe II emission, Wills, Netzer & Wills (1985) and Collin-Souffrin & Lasota (1988) concluded that either there was an unusually high abundance of iron or an important mechanism was being overlooked. Abundance is important, but not likely to be dominant (Sigut & Pradhan 2003; Baldwin et al. 2004) . Penston (1987) proposed that Lyα fluorescence might be the overlooked mechanism, with observational and theoretical support following from Graham et al. (1996) and Sigut & Pradhan (1998) respectively. A further important mechanism is microturbulence of ∼ 100 km s −1 (Ruff et al. 2012) , which increases the spread in wavelength of Fe II absorption (e.g. Bruhweiler & Verner 2008) , and thus increases radiative pumping. Strong and ultrastrong Fe II emission might be associated with some special environmental circumstances influencing the quasars. Harris et al. (2012) and Harris (2011) find that there is a systematic shift by ∼ 9Å of the W 2400 equivalent widths to higher values for the 2 deg 2 pencil-beam field that intersects the LQGs U1.11, U1.28 and U1.54 compared with a combined set of 13 2-deg 2 control fields elsewhere. There is then an unusually high rate of occurrence of strong and ultrastrong Fe II emitters. These strong and ultrastrong emitters appear to clump with other quasars or with themselves (Clowes & Harris, unpublished visualisation) .
From the work of Harris et al. (2012) and Harris (2011) it therefore appears that strong and ultrastrong UV Fe II emitters might preferentially occur where the density of quasars is high, as it is in LQGs. In the case of the pencilbeam field there can be ambiguity about membership of the LQGs by the MMT / Hectospec quasars since they are mostly fainter than the i 19.1 quasars from which the LQGs were discovered. The fainter quasars are considered provisionally to be new members primarily if they fall within the convex hull (of member spheres, Clowes et al. 2012 ) of the existing members. Even so, some are outside the LQGs, although they do still clump -with each other -to form high-density regions. It is possible that these quasars that are outside the LQGs would, with a fainter, wide-angle survey prove to be members too, but with the data currently available there is no way of knowing. It is also possible that the LQG environment itself is not crucial, but that the LQGs are functioning as providers of the high (quasar) density environments that favour the Fe II emission. The alignment of these LQGs along the line of sight would then presumably have made the environmental effect prominent and allowed its discovery.
Of 14 strong / ultrastrong quasars in the pencil-beam field, that satisfy the imposed signal-to-noise (s/n) criterion, four are known LQG members (all necessarily from SDSS, but one has also been observed with MMT / Hectospec), five are provisional new members (i.e. they fall within the convex hulls of the LQGs), and five are non-members (all MMT / Hectospec). The one quasar that fails the s/n criterion would be a non-member (from SDSS).
In this paper we first examine the statistical properties of W 2400 emission for all of the LQGs with 1.1 zLQG 1.7 that we have identified in the DR7QSO catalogue (Schneider et al. 2010) for quasars with 1.0 z 1.8 and i
19.1. This allows us to investigate with a much larger sample than that of Harris et al. (2012) and Harris (2011) the W 2400 properties of LQG members compared with non-members -that is, of quasars that are known to be in dense (quasar) environments compared with those that are not known to be in dense environments. We apply the condition 1.1 zLQG 1.7 to minimise any "edge effects" of incomplete membership of the LQGs. We next investigate the distribution of the nearest-neighbour separations of the strongest emitters in the LQGs compared with the weaker emitters in the LQGs. Finally, we focus further on the three LQGs U1.11, U1.28 and U1.54, together with the Huge-LQG, U1.27. We consider here all of the members of these LQGs rather than only those intersected by the pencilbeam. The SDSS spectroscopy for these LQGs is, of course, not so deep as the MMT / Hectospec spectroscopy of the pencil-beam, but the net outcome is nevertheless a useful increase in the size of the strong / ultrastrong sample.
THE LQGS
The LQGs have been discovered in the DR7QSO catalogue (Schneider et al. 2010 ) using the procedure described fully in Clowes et al. (2012) and summarised briefly in Clowes et al. (2013) . Essentially, the procedure involves application of a linkage algorithm followed by a test of statistical significance, the CHMS significance (where CHMS stands for convex hull of member spheres -see Clowes et al. 2012) . We restrict the DR7QSO quasars to i 19.1 to ensure satisfactory spatial uniformity on the sky, since they are then predominantly from the low-redshift strand of selection (Richards et al. 2006; Vanden Berk et al. 2005) . We have selected LQG candidates from quasars within the redshift range 1.0 z 1.8, but for this work we apply the condition 1.1 zLQG 1.7 to minimise any edge effects of incomplete membership. That is, the LQGs are restricted to 1.1 zLQG 1.7 but the quasars within them are contained by 1.0 z 1.8.
We consider here LQGs with CHMS-significance 2.8σ and number of member quasars 10. The choice of 2.8σ is such that contamination by spurious LQG candidates should be negligible. This selection gives 134 LQGs with 1.0 z 1.8, incorporating 3092 quasars in total. The smallest membership is 11 and the largest 73 (U1.27, the Huge-LQG). The LQGs are found from within a total of 27991 quasars. LQG members are thus only ∼ 11 per cent of the total number of quasars. With the further condition 1.1 zLQG 1.7 we have 111 LQGs, incorporating 2629 quasars in total. Again, the smallest membership is 11 and the largest 73. Details of the LQGs will be published in a catalogue paper (Clowes, in preparation) .
As mentioned above, the doubtful LQG, U1.54, is not formally a LQG since it fails the test of CHMS-significance. It is therefore not one of the above 134 / 111 LQGs that do pass the test. However, as mentioned above, we retain some interest in U1.54 because it has been identified before as a candidate LQG and because it, U1.11 and U1.28 are all aligned along the line of sight. Also, its CHMS-significance is conservative, and, in the case of curved morphology such as U1.54 has, there is therefore the possibility of a candidate LQG being more interesting than is immediately apparent.
We shall focus further on the three LQGs U1.11, U1.28 and U1.54, together with the Huge-LQG, U1.27. These are the LQGs that have so far been investigated in most detail. Their properties are summarised in Table 1 .
THE W2400 MEASUREMENTS
The member quasars of the LQGs all have i
19.1 and all are in the redshift range 1.0 z 1.8. Recall that to minimise edge effects we are applying the condition 1.1 zLQG 1.7. The rest-frame equivalent width W 2400, as described by Weymann et al. (1991) , has been measured by software written for the purpose. It has been applied to all of the DR7QSO quasars with i 19.1 and 1.0 z 1.8, after smoothing with a 5-pixel median filter.
The median filter is used for the following reason. The principal source of error in the W 2400 measurements seems likely to be the setting of the continuum, given the quite narrow windows of the Weymann method -15 and 30Å in the rest frame for the two continuum-windows of 2240-2255 and 2665-2695Å. We have attempted an estimate of the measurement error by comparing the W 2400 values arising from the unsmoothed SDSS spectra with those arising from smoothing (in the observed frame) with both a 5-pixel (as used in the actual processing) and a 9-pixel median filter. The standard deviation of the difference between them is ∼ 3.5 and 3.7Å respectively. The W 2400 feature itself is so wide that the smoothing of it by the median filter should have a relatively minor effect. We can therefore adopt ∼ 3.5-3.7Å as an indicative error associated with the W 2400 measurements. We chose to apply the 5-pixel median filter routinely for this purpose of setting the continuum levels more reliably. (The 9-pixel median, however, would increase the effective width of the lower continuum window in particular more than we would wish.)
The median filter also acts to reduce the residual [O I] λ5577Å sky feature, for those spectra in which it is present. In most cases, where present, its effect on W 2400 is smaller than the indicative errors. We can also assume that its occurrence in the LQG sample is identical to that in the matched control sample (see below and the following section).
Approximately 1 per cent of the measurements of W 2400 by the software are negative. Usually, this happens because the spectra are increasing strongly to the blue, and are therefore concave, leading to negative W 2400 values, given the rigorous application of the W 2400 definition. Occasionally, absorption or artefacts in the spectra can also lead to negative values.
The 3092 LQG members (1.0 z 1.8) have been extracted from the entire catalogue to form the LQG sample. The remainder -24899 non-LQG-members -of the catalogue is then used as the control sample for comparison. The percentage occurrences of negative W 2400 are very similar for both the LQG sample and the control sample, and so negative W 2400 values have simply been removed, leading to final samples of 3063 and 24604 respectively. Also, one of the 166 members of U1.11, U1.28, U1.54 and U1.27 has negative W 2400.
For the final control sample, the mean and median W 2400 values are 26.3 and 25.0Å respectively and the standard deviation is 12.2Å. The mean and median here are thus lower than the median from Weymann et al. (1991) by ∼ 5Å. The distribution of W 2400 from Weymann et al.
(1991) appears also to be substantially different from ours, having no major symmetrical component and having few low values. We suspect but cannot definitely establish that the Weymann W 2400 values are systematically too large. Table 1 . Properties of the four LQGs U1.11, U1.28, U1.54 (the doubtful LQG) and U1.27. The columns are: the name of the LQG; the number of member quasars; the mean RA, Dec (2000) ; the mean redshift; the redshift range; the characteristic size expressed as CHMS-volume 1/3 (see Clowes et al. 2012 Clowes et al. , 2013 , for full details); and references. The total number of member quasars is 166. They all have i 19.1, since this limit was imposed on the DR7QSO catalogue (Schneider et al. 2010 ) to ensure adequate spatial uniformity of the data from which they were discovered. All were discovered within the redshift range 1.0 z 1.8. Perhaps the quasar sample that they used is not representative of the quasar population. Another possibility is that Weymann et al. used the IRAF splot algorithm, which was changed at about that time, leading to likely differences of ∼ 15 per cent for wide, asymmetrical features (IRAF Newsletter no. 9, 1990). Conceivably, the differences could be larger still for a feature as wide as the Fe II 2400Å emission. Low-ionisation BAL quasars, showing Mg II BAL troughs, can lead to W 2400 values that are too large, since the continuum for the W 2400 measurement is then underestimated. Such quasars can be removed using the database of Shen et al. (2011) , but in practice the rate of occurrence is too low to make anything other than a very slight difference to the analysis. The Shen et al. (2011) database does not allow removal of all problematic Mg II absorption troughs, however, so, for the purpose of statistical analysis, we simply assume that they can be neglected as their rate of occurrence should be the same for both the LQG sample and the control sample. (We also make the same assumption for the sample extracted for U1.11, U1.28, U1.54 and U1.27.)
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ANALYSIS OF THE W2400 DISTRIBUTION
The distribution of the rest-frame equivalent width, W 2400, for the 2604 members of the 111 LQGs with 1.1 zLQG 1.7 is shown in Fig. 1 as the solid histogram (blue online). The figure shows in addition the distribution for a matched subset of the control sample as the hatched histogram (red online). The matched subset, intended to negate possible dependences on magnitude and redshift, has been created from the final control sample by finding, for each member of the 111 LQGs, the member of the control sample that is closest in i magnitude and in 10 * z, where z is the redshift. The use of 10 * z is so that we give equal weight to an interval of 0.1 in i and 0.01 in z. Both histograms are density histograms (meaning that relative frequency is given by bin-height × bin-width). Both are for i 19.1 and 1.0 z 1.8, with the condition 1.1 zLQG 1.7 applied to the LQGs. A onesided Mann-Whitney test indicates that there is a relative shift of the LQG-distribution to larger values at a level of significance given by the p-value = 0.0226. The median shift is estimated as 0.62Å. Note that the histograms of Fig. 1 and subsequent figures are for illustration, and the statistical analysis with the Mann-Whitney test (or KolmogorovSmirnov test) does not depend on binned data. If we restrict the i magnitudes of the LQG quasars to 18.0 i 19.1 then the p-value becomes 0.0064 and the median shift becomes 0.84Å. The shift to higher W 2400 thus appears to be a stronger effect at fainter magnitudes.
The LQGs appear to show a change in the properties of their W 2400 distributions atzLQG ∼ 1.48. This change is illustrated in Fig. 2 which plots, for each LQG with 1.1 zLQG 1.7, the value of the 90th quantile of the W 2400 distribution againstzLQG. The 90th quantile is used to characterise the strong tail of the W 2400 distribution for each LQG. There appears to be a discontinuity in the typical value of the 90th quantile and in the upper and lower envelopes atzLQG ∼ 1.48.
Given this change atzLQG ∼ 1.48, we apply instead the condition 1.1 zLQG 1.5. It then appears that the shift of the LQG distribution to higher values of W 2400 is strongly concentrated in this redshift range. Fig. 3 is similar to Fig. 1 but instead gives the distribution of the rest-frame equivalent width, W 2400, for the 1778 members of the 75 LQGs with 1.1 zLQG 1.5 as the solid histogram (blue online). The hatched histogram (red online) shows the distribution for the corresponding matched subset of the control sample. In this case the one-sided Mann-Whitney test indicates a relative shift of the LQG-distribution to larger values at pvalue=0.0042. The median shift is estimated as 0.97Å. Note that this condition 1.1 zLQG 1.5 leads to the member quasars having redshifts in the range 1.0006 z 1.6093. If we again restrict the i magnitudes of the LQG quasars to 18.0 i 19.1 then the p-value becomes 0.00054 and the median shift becomes 1.31Å. Again, the shift to higher W 2400 appears to be a stronger effect at fainter magnitudes.
If, having considered the sub-range 1.1 zLQG 1.5, we now consider only the remaining 1.5 <zLQG 1.7 then there is no perceptible shift at all of the LQG-distribution to higher values of W 2400. Of course, the number of LQGs and members is then somewhat smaller (36 LQGs, 826 members), but we cautiously conclude that the shift to higher W 2400 is indeed strongly concentrated in the range 1.1 zLQG 1.5.
In summary so far, we find a small but significant shift to higher values of W 2400 for LQGs with 1.1 zLQG 1.5. This result contrasts with that from Harris et al. (2012) and Harris (2011) for a large shift for quasars with 1.1 z 1.7 in the pencil-beam field that intersects the LQGs U1.11, U1.28 and U1.54. However, we do find some indication that the shift that we find here increases to fainter magnitudes. The MMT / Hectospec data used by Harris et al. (2012) and Harris (2011) are for quasars that are typically much fainter than those used here, so it may be that the results can still be reconciled. Fig. 4 similarly shows the distribution of the rest-frame equivalent width, W 2400, for the four LQGs U1.11, U1.28 (the CCLQG) and U1.54 (the doubtful LQG), and U1.27
(the Huge-LQG). Their W 2400 distribution is shown as the solid histogram (blue online), and again the distribution for the corresponding matched control sample is shown as the hatched histogram (red online). The one-sided MannWhitney test indicates that there is no significant shift to larger values. From the statistics for the 75 LQGs with 1.1 zLQG 1.5 we would, ignoring the different redshift limits arising from the inclusion of U1.54, expect an excess of only 1.6 ultrastrong and 5.8 strong emitters for these four LQGs (166 quasars, 165 with positive W 2400). Most probably the signal is lost in the noise.
Note that, very unusually for the DR7QSO catalogue, nine of the 166 spectra for U1.11, U1.27, U1.54 and U1.28 have exposure times of only 900 s. In fact, only U1.11 and U1.28 are affected, with seven of the nine from U1.11 and two from U1.28. Three of the nine are estimated to have s/n < 4 (two from U1.28 and one from U1.11). The software measurements of W 2400 place two in the ultrastrong category and one in the strong. Manual measurement suggests that, despite the noise, the software measurements are acceptable.
The members of U1.11, U1.28, U1.54 and U1.27 that have been classified as strong or ultrastrong emitters are listed in Table 2 . We can briefly compare the classification here with those of Harris (2011) for the small area of the pencil-beam field. The superscripts in the first column of Table 2 give the corresponding classification from Harris (2011) or, for SDSS J104932.22+050531.7, from Harris (private communication) . Note that SDSS J104938.35+052932.0 is classified as ultrastrong here and weak in Harris (2011) : the software measurement here will be incorrect because of absorption occurring at the position of one of the continuum windows. Two quasars classified as ultrastrong here but strong by Harris are here on the boundary between the ultrastrong and strong classifications. A quasar classified as strong by Harris (2011) but weak by the software measurements, SDSS J104840.34+055912.9 appears on manual checking to be weak.
ENVIRONMENTS OF THE ULTRASTRONG UV FE II EMITTERS
In this section we discuss the environments of the ultrastrong (W 2400 45Å) UV Fe II emitters compared with the weak (W 2400 < 30Å) within the 75 LQGs having 1.1 zLQG 1.5. We also briefly discuss the particular LQGs U1.11, U1.28, U1.54 and U1.27. If the shift to higher W 2400 within the LQGs arises from an environmental effect then we might anticipate there will be a density or clustering effect that appears most strongly for the ultrastrong emitters compared with the weak. There is an arbitary element to this approach, of course, because the definitions of ultrastrong, strong and weak emitters involve arbitrary boundaries. Clowes & Harris (unpublished visualisation) found that the strong and ultrastrong emitters tended to clump with other quasars or with themselves, both within and outside the convex hulls of the three LQGs U1.11, U1.28 and U1.54. (Recall that the deep MMT / Hectospec spectroscopy in the pencil-beam included quasars fainter than the i 19.1 limit of the quasars used for the discovery of the LQGs.) Although this visualisation involved no quantification of the clumping, it has guided our thinking that there could be a preferred nearest-neighbour scale for the strongest emitters.
For these reasons, we have investigated the distribution of nearest-neighbour separations for the ultrastrong emitters within the LQGs compared with the distribution for the weak emitters within the LQGs. The nearest neighbours have been determined without regard for the strength of their UV Fe II emission. We consider only the LQGs with 1.1 zLQG 1.5, given the earlier result that the shift to higher values of W 2400 is strongly concentrated in this range.
The distribution of the nearest-neighbour separations (present epoch) for the members of the 75 LQGs with 1.1 zLQG 1.5 and for W 2400 45Å (i.e. ultrastrong) is shown in Fig. 5 as the solid histogram (blue online), with mean 57.46 ± 1.70 Mpc. The figure shows also the corresponding distribution for W 2400 < 30Å (i.e. weak) as the hatched histogram (red online), with mean 59.65±0.63 Mpc. Both are density histograms. Both are for i 19.1 and 1.0 z 1.8. Although drawn from the same LQGs, the two histograms appear different, with that for W 2400 45Å indicating preferred values of the nearest-neighbour separation predominantly in the range ∼ 25-50 Mpc (present epoch) -note the consecutive bins where the histogram for W 2400 45Å exceeds the histogram for W 2400 < 30Å. A Mann-Whitney test is inappropriate here because the LQGfinding algorithm restricts separations to 100 Mpc, but a one-sided Kolmogorov-Smirnov test indicates that the CDF (cumulative distribution function) of the W 2400 45Å distribution is greater than the CDF of the W 2400 < 30Å distribution, with p-value = 0.0255, which is marginally significant.
Given the arbitrary boundaries for the definitions of ultrastrong, strong and weak emitters we note that a posthoc adjustment from W 2400 45Å to W 2400 44Å gives the histograms shown in Fig. 6 , with means 57.40 ± 1.60, 59.65 ± 0.63 Mpc, and the Kolmogorov-Smirnov test gives a p-value = 0.0197. The preferred nearest-neighbour separation appears then to be predominantly in the range ∼ 30-50 Mpc.
Although we find evidence for a preferred nearestneighbour scale for the ultrastrong-emitting quasars in LQGs we find no evidence for a preferred scale in the quasars that are not members of LQGs (mean nearest-neighbour separation ∼ 78 Mpc), across a comparable range of redshifts. Thus the preferred nearest-neighbour scale of ∼ 30-50 Mpc for the W 2400 45Å (more precisely, W 2400 44Å) emitters seems to be peculiar to the LQG environment. Presumably, it is related to the shift to higher W 2400 values within the LQGs.
We have similarly used the visualisation software to look at the environments of the strongest emitters from the entire memberships of the same three LQGs from Harris et al. (2012) and Harris (2011) , U1.11, U1.28 and U1.54, together with U1.27. Given the above result on the nearest-neighbour separations we concentrate on the quasars with W 2400 44Å rather than simply W 2400 45Å. To simplify the discussion we introduce an ultrastrong-plus category as those with W 2400 44Å (while still retaining "ultrastrong" as those with W 2400 45Å). The findings are similar to those previously, but not always so clear, perhaps because of the brighter limiting magnitude. For example, with U1.54, the doubtful LQG, only two of the five ultrastrong-plus emitters appear to be closely associated with other quasars, and only one of these is in a dense region. In contrast, with U1.11, three of four ultrastrong-plus emitters do seem to be associated with other quasars and denser regions. With U1.28, two of four ultrastrong-plus emitters appear to be close to other quasars, but with neither being in particularly dense regions. With U1.27 (the Huge-LQG), six of the seven ultrastrongplus emitters form three pairs (separations 52, 81, 105 Mpc), within the total membership of 73. One pairing is actually part of a close triplet with another quasar in a generally dense region, and another pairing is part of a looser triplet in a less dense region. The third pairing has one quasar in a dense region and the other detached from it. The seventh ultrastrong-plus quasar is close to another quasar in a less dense region. A visualisation of the location of these seven ultrastrong-plus emitters within U1.27 is shown in Fig. 7 .
DISCUSSION AND CONCLUSIONS
We have compared the distribution of the W 2400 equivalent width of UV Fe II emitting quasars in the dense environments of 111 LQGs having 1.1 zLQG 1.7 with the distribution for quasars that are not in LQGs. We find a marginally significant shift (p-value = 0.0226, shift = 0.62Å) of the W 2400 distribution to higher values for quasars within LQGs. The shift appears to be a stronger effect at fainter magnitudes 18.0 i 19.1 (p-value = 0.0064, shift = 0.84Å).
However, the shift to higher W 2400 appears to be strongly concentrated in the 75 LQGs having 1.1 zLQG 1.5 (p-value = 0.0042, shift = 0.97Å), and again it appears to be a stronger effect at fainter magnitudes 18.0 i 19.1 (p-value = 0.00054, shift = 1.31Å).
We have investigated the distribution of nearestneighbour separations for the ultrastrong emitters within the 75 LQGs having 1.1 zLQG 1.5 compared with the distribution for the weak emitters. The nearest neighbours were determined without regard for the strength of their UV Fe II emission. We found a marginally significant result (p-value = 0.0255) that the CDF of the ultrastrong (W 2400 45Å) distribution is greater than the CDF of the weak (W 2400 < 30Å) distribution. There appears to be a preferred nearest-neighbour separation predominantly in the range ∼ 25-50 Mpc. We found that a post-hoc adjustment from ultrastrong W 2400 45Å to "ultrastrongplus" W 2400 44Å gives improved significance (p-value = 0.0197), and a preferred nearest-neighbour separation that then appears to be predominantly in the range ∼ 30-50 Mpc.
Our finding of a shift towards higher values of W 2400 for quasars within LQGs is compatible with the result from Harris et al. (2012) and Harris (2011) of a shift for a deep pencil-beam field that intersects the three LQGs U1.11, U1.28 and U1.54 (the doubtful LQG). Our shift seems smaller, but we do find an indication that the shift will increase to fainter magnitudes. The MMT / Hectospec data used by Harris et al. (2012) and Harris (2011) are for quasars that are typically much fainter than those used here, so it may be that the size of the shifts can still be reconciled. However, there is an inevitable difficulty in constructing a matching control sample for the faint MMT / Hectospec sample, so possibly the attempted allowance for the differences has not been wholly successful and the size of the shift there then appears larger than it should be. We find that the shift is strongly concentrated in the range 1.1 zLQG 1.5. U1.54 is excluded from our data by this condition of course, but fundamentally it is excluded because it fails our CHMSsignificance criterion. Clowes & Harris (unpublished visualisation) noted, for the pencil-beam field within U1.11, U1.28 and U1.54, a tendency for strong / ultrastrong emitters to clump with other quasars or with themselves. With the data for the 75 LQGs having 1.1 zLQG 1.5 in this paper we find evidence that ultrastrong-plus emitters -those with W 2400 44Å -have a preferred nearest-neighbour scale of ∼ 30-50 Mpc. This result supports, and makes quantitative, the result from the visualisation. However, no such preferred scale is seen for ultrastrong-plus emitters that are not in LQGs.
Our visualisation of the ultrastrong-plus emitters across U1.11, U1.28 and U1.54 in their entireties, together with U1.27, is generally consistent with the deeper pencil-beam visualisation but not so clear. A striking result, however, is from U1.27, the Huge-LQG, for which six of the seven ultrastrong-plus emitters, from amongst the total of 73 LQG members, form three pairings.
We have thus found two effects of the dense LQG environment on the ultraviolet Fe II emission of the member quasars. Firstly, there is a general shift to higher W 2400, compared with non-members for 1.1 zLQG 1.5. The shift appears to be stronger for fainter magnitudes. This redshift dependence,zLQG 1.5, suggests an evolutionary effect. Secondly, we find evidence for a preferred nearest-neighbour separation of ∼ 30-50 Mpc for the ultrastrong (W 2400 45Å) or, more precisely, ultrastrongplus (W 2400 44Å) emitters compared with the weak (W 2400 < 30) emitters within these LQGs. This preferred separation suggests a clustering or dynamical effect. Of course, there may be further subtleties present in the dependences on redshift, magnitude and density than we have seen, but a still larger sample with which to disentangle them is not currently feasible. It may be, however, that a different approach on the existing data, such as fitting templates to the Fe II, could restore some information that might presently be lost to uncertainties in measuring W 2400.
The possibilities for increasing the strength of the Fe II emission appear to be iron abundance, Ly-α fluorescence, and microturbulence. Probably all of these operate. The dense environment of the LQGs and an increased rate of interactions and mergers between galaxies may have led to an increased rate of star formation and an enhanced abundance of iron in the nuclei of galaxies. Similarly the dense environment of the LQGs may have led to more active blackholes and increased Ly-α emission. The preferred nearestneighbour separation for the stronger emitters would appear to suggest a dynamical component, such as microturbulence.
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